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Abstract
“Climate is changing”.  Its “change” impacts physiology, growth, reproduction, ability to compete & adapt. The
change in ocean temperature, PH, & oxygen levels are the main causes of the adverse impacts on ocean
environment. The present work deals with the assessment of wave climate in Lakshadweep group of Islands in
order to know the wave climate for the construction of any offshore structures and to locate an ideal place for the
offshore structures.  By considering all these facts, to know about the wave climate studies, a numerical model has
been selected. MIKE 21 Spectral Wave (SW) model has been chosen to analyze the wave climate.It is also
important to combine such knowledge with the local and regional conditions to formulate effective response
methods fine-tuned to specific situations. In addition there is an increase in the number of severe cyclonic storms
crossing Indian coast. Ocean wave hind cast and forecast are of paramount importance for the management of
offshore structure construction, ship navigation, and naval operations.
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1. Introduction
The Union Territory of Lakshadweep comprises of a group of Islands in the Arabian Sea between latitude 80 E and
120 30' N and between longitude 710and 740 E and are located at a distance ranging from 200 km to 400 km from
the mainland. Only 10 Islands are inhabited with very low ground elevation in meters above Mean Sea Level
(MSL).The tiniest Union Territory of India, Lakshadweep is an archipelago consisting of 12 atolls, three reefs and
five submerged banks. It is a union-district Union Territory with an area of 32 sq. km. and is comprised of ten
inhabited Islands, 17 uninhabited Islands attached islets, four newly formed islets and 5 submerged reefs. The
notional map of Lakshadweep group of Islands is shown in Fig 1.The capital is Kavaratti and it is also the principal
town of the UT. MIKE 21 Spectral Wave model has been utilized primarily for hind casting wave climate. MIKE
21 Spectral Wave is a new generation spectral wind wave model, based on unstructured meshes, and is developed
by Danish Hydraulic Institute (DHI 2005). The model simulates growth, decay, and transformation of wind
generated waves and swells in offshore and coastal areas. Using MIKE21 Spectral Wave Model, the whole Indian
Ocean is considered for Regional model study and Lakshadweep group of Islands has been chosen for Local model
study giving more preference to Agatti Island. Nowadays, numerical wind wave models have become one of the
most useful tools for wave hind cast and forecast and provide an opportunity to obtain the required wave
information in fine resolution. Since wind wave models are very sensitive to wind field variations and the quality
of numerical wave hind casts depends to a large extent on the quality and the accuracy of the wind fields. The
selection of appropriate wind source is a vital step in the wave modelling.
1.1. Spectral wave model using Mike 21
A numerical model study using MIKE21 Spectral Wave module was initiated with the aim of hind casting
offshore wave characteristics using available wind data. The model study for wave transformation for Agatti Island
is split into two stages: (i) wind to wave transformation model covering Northern Indian Ocean and (ii) fine
resolution wave to wave transformation model covering area surrounding Agatti Island. In this study, the model is
prepared for estimating the wave patterns for all Lakshadweep Islands, which will be useful for wave structure
interaction studies. Re-analyzed wind data with a temporal resolution of 3hr and spatial resolution of 0.25deg
acquired from ECMWF was used as forcing function for regional wind-wave model at Agatti Island. The regional
model was calibrated using observed data from AD09 buoy, deployed at approximately 1500m water depth. The
wave data at the boundaries of local wave to wave model was extracted from calibrated regional model results, and
the same was used as forcing function for the local model. The local model was calibrated using observed data
from CB02, a shallow water buoy deployed at approximately 20m water depth. The results from local wave-wave
model could then be used for wave structure interaction studies.
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Regional wind to wave model Local wave to wave model
Fig.1 Enlarged figure showing the bathymetries by numerical modelling with the generated mesh.
1.3 Input parameter for the calibration of model
The model area chosen for local model is Lakshadweep Islands and for regional model is whole Indian Ocean.
The bathymetry for the location are obtained from the bathymetry survey conducted near the study location by
NIOT (National Institute of Ocean Technology), GEBCO (General Bathymetric Chart of the Oceans), C_MAP
and wind data are obtained from ECMWF (European Centre for Medium-Range Weather Forecasts) for the
required duration. A mesh has to be generated using bathymetry data and it is used as the input domain in
Spectral Wave Modelling.
1.4 Spectral wave modelling
MIKE 21 Spectral Wave (SW) model is used to simulate waves over flexible mesh/gridded bathymetry. This
is used for knowing the variations in wave characteristics by changing various model parameters. MIKE 21
Spectral Wave (SW) model is based on flexible mesh, which is used for coarse spatial resolution in the
offshore area and high resolution in the shallow coastal waters. It is particularly applicable for simultaneous
wave prediction and analysis on regional scale and local scale modelling. For this, MIKE 21 Spectral Wave
model has two different formulations: a directional decoupled parametric formulation and a fully spectral
formulation of the wave action balance equation. The first formulation is suitable only for near shore
conditions, whereas the second one is applicable in both near shore and offshore regions. Hence, in this study
the second formulation has been used as the study area contains both shallow and offshore regions. The whole
Indian Ocean is considered for the regional modelling studies and Agatti and other Lakshadweep Islands were
taking for the local model wave characteristics studies. The following sections describe the model set up in
detail.
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2. Regional Model
The Regional model was setup by giving the domain as depicted in Fig.5. The model was simulated for one year
(November 2012 to October 2013) providing wind data as input. The model was run by varying the model
parameters such as breaking parameter, bottom friction and white capping. It was then fine tuned to obtain a better
wave prediction. It was calibrated using the AD09 buoy deployed at 1500m water depth in Indian Ocean. In the
final runs, the model result with wave breaking parameter (γ = 0.5), bottom friction (Nikuradse roughness, kn =
0.04 m), and white capping coefficients (Cdis = 4.5) were found to be most matching with the measured
observations. The model derived wave parameters like significant wave height (Hs), mean wave period (Tp) and
mean wave direction (MWD) were compared with similar parameters obtained from AD09 buoy.
2.1 Model Domain and Bathymetry
In order to simulate waves in the Indian Ocean, a large domain, which ranges from 4° S to 24° N (latitude) and 60°
E to 96° E (longitude) was selected for Regional Model. An unstructured triangulated mesh is generated with
varying sizes of triangles (elements).
2.2 Mesh Generation
The most important step for mesh generation is providing data in the required format. For that, the coastline data
and bathymetry data were collected to provide a land and water boundary to the model domain. The data that is
needed is provided to MIKE in X, Y, Z format, where X, Y are defined as geographical positions of the location
and Z is the height above the vertical datum of the ground/bed level. Here Z means the water depths, which are
generally below the vertical datum and are given as negative values. The coordinate system conversion is
necessary while using the data sets. In case of Agatti, it is UTM-43 and in regional model the coordinate system is
taken as lat/long. After that mesh generation is carried out. The generated unstructured mesh for Indian Ocean is
depicted in Fig.5and the exported final mesh which is using as the domain for Regional  model is depicted in Fig 6.
Fig.2. Generated unstructured mesh for Indian Ocean Fig.3 .Exported mesh bathymetry in data manager view
402   V. Kumaran et al. /  Procedia Engineering  116 ( 2015 )  398 – 405 
3. Wind data
Fig.4. Wind data 2013
The wave climate for 2012-2013 was obtained by forcing with wind data collected from ECMWF. ECMWF data
contains satellite based winds which are reanalyzed using moored buoy system. This data has a spatial resolution
of 0.25o x 0.25oand temporal variation of 3hrs. It contained U and V components of wind velocity, measured at
about 10m height for each day. Ferret software along with FORTRAN script and other codes was used, to convert
this raw data into required format for MIKE21. The U-component of wind velocity and V-component of wind
velocity of January for the wind data 2013 is depicted in Fig 7.
3.1 Regional model calibration
The calibration process was done to achieve good agreement between the model output and the measured
conditions. The observed location is AD09 (longitude 73.3 and latitude 8.26). The regional model output
(Significant wave height[m]) is extracted for this location and was compared and calibrated. The observed values
and the simulated values are plotted in Fig .8.It was then compared and analysed. Calibration plot of the result
obtained from the Spectral Wave Regional model reveals a good agreement with the model result and observed
values atAD09 location. The observed and simulated significant wave height values of Regional model are shown
in Table 1. The observed values and the model results show good correlation. The significant wave heights are
giving comparatively similar values in almost all peaks.
Fig. 5. Calibration plot of the result obtained from the Spectral Wave Regional model
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Table 1 Observed and simulated significant wave height values
Model and location Observed significant wave Height(hs) Simulated significant wave Height(hs)
Regional
model
AD09 Max 3.98438 m Max 3.99579 m
Min 0.76172 m Min 0.474228 m
The observed values and the model results show good correlation. The significant wave heights are giving
comparatively similar values in almost all peaks.
Table 2. Statistical parameters such as: mean values, bias, RMS (Root Mean Square) error, SI (scatter
index) and r (correlation coefficient) of Regional model.
Regional model
XMED(Ẋ) YMED(Ẏ) BIAS RMSE SI R
2.07 1.87 0.34 0.42 0.20 0.93
The convention used to compute the bias is to consider the difference between the measured value and the
simulated value. This implies that a positive bias means that the average measured values are greater than the
average simulated values and for such situation the model slightly underestimates the wave parameters. The
correlation coefficient of about 0.93 has obtained for the regional model significant wave heights. This shows a
good agreement with the model result.
3.2 Local Model
After the calibration of the regional model, a model was set up for local model study. The Lakshadweep Islands
are the location chosen for the model study. The domain ranges from 9° N to 12° N latitude and from 71° E to 74°
E longitude respectively. The domain for the Spectral wave Local model run is shown in Fig 9. A fine mesh was
given at regions nearer to the shore, giving more preference to Agatti Island. The local model mesh generated for
the Lakshadweep group of Islands is depicted in Fig.8. The finest resolution considered is 50 m which is nearer to
the shore and the mesh size gradually increases to 150 while moving to offshore. The boundaries along four sides
were considered as open boundary. These boundaries (North, East, West and South) were extracted using the data
extractor tool.  The following Regional model wave parameters are considered as input boundary condition for
Local model-Significant wave height, Peak wave period, Mean wave direction and Directional standard deviation.
The model parameters were changed and various trial runs were done. The wind input is not given in the local
model since it is the wave to wave model.
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Fig.6. Finer mesh of the Lakshadweep Group of Islands Fig.7. Exported final mesh bathymetry for the near shore model
3.2.1 Local model calibration
The calibration process had to be repeated a few times in order to get the setup correct and achieve good agreement
with the model output and the measured conditions. The observed values and the simulated values are plotted in
graphs to know the variations. It was then compared and analysed. The calibration was carried out for the month of
June 2012 since the buoy data was available till 2012 only. The data from CB02 buoy, located at Latitude of
10°52’42.1”E and Longitude of 72°12’56.09” N and at a depth of about 20 meters is taken for the calibration of
Local model and the graph (Fig 9) obtained shows a good result with matching in most of the peaks.
Fig.8.Calibration plot of the result obtained from the Spectral Wave Local model
The observed values of significant wave heights for CB02 for the month June 2012 are well matching with the
simulated significant wave heights.
Table 3. Observed and simulated significant wave height values
Model and location Observed significant wave height(hs) Simulated significant wave height(hs)
Local
model
CB02 Max 1.46 m Max 1.34 m
Min 0.64 m Min 0.73 m
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Table 4. Statistical parameters such as: mean values, bias, RMS (Root Mean Square) error, SI (scatter
index) and r (correlation coefficient) of Local model.
Local model
XMED(Ẋ) YMED(Ẏ) BIAS RMSE SI R
0.94 0.98 0.09 0.12 0.12 0.73
The observed and simulated significant wave height value of the Local model is shown in Table 3 and Statistical
parameters such as: mean values, bias, RMS (Root Mean Square) error, SI (scatter index) and r (correlation
coefficient) of Local model is depicted in Table 4.Table 3. Observed and simulated significant wave height
values Positive bias means that the model slightly underestimates the wave parameters. The correlation coefficient
obtained is 0.73 for the Local model significant wave heights. The low scatter indices for all cases indicate that
there is good linear fit between the measured and modelled parameters.
Conclusions
A numerical model study using MIKE21 Spectral Wave module was carried out with the aim of hindcasting
offshore wave characteristics using available wind data. The model study for wave transformation for Agatti Island
is split into two stages: (i) regional wind to wave transformation model covering Northern Indian Ocean and (ii)
fine resolution wave to wave transformation model covering area surrounding Agatti Island of UT Lakshadweep.
The wind wave generation and the propagation from deep water are simulated in the Regional model. The input
boundary condition for waves along the borders of Local wave to wave model is obtained from the Regional model
and the propagation of waves in the shallow water is simulated in the local wave to wave model.
Wind forcing for the regional model is performed using the reanalysed ECMWF data. A large domain, which
ranges from 4° S to 24° N (latitude) and 60° E to 96° E (longitude), was selected for the Regional Model.
Bathymetry for the models is constructed from CMAP and GEBCO with refinement in the near shore bathymetry
using the echo sounder data obtained by NIOT. The near shore variations can be analysed through the local model
results and can be used for locating a suitable site for any offshore structures.
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